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(54)  Optical  phantom  suitable  for  simulating  the  optical  properties  of  biological  material  and  a 
method  of  producing  said  phantom 

(57)  The  invention  relates  to  an  optical  phantom 
that  is  suitable  for  simulating  the  optical  properties  of 
biological  material  and  to  a  method  of  producing  said 
phantom.  The  phantom  is  comprised  of  a  matrix  of 
polyvinyl  alcohol)  (PVA)  and  spherical  particles  whose 
refractive  index  differs  from  that  of  the  PVA.  Preferably 
the  PVA  has  a  level  of  hydrolysis  of  >98%.  Preferably 
the  spherical  particles  are  hollow  polystyrene  particles. 
In  addition,  light-absorbing  and  light-scattering  sub- 
stances  may  be  added  to  the  matrix. 
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Description 

[0001]  The  present  invention  relates  to  an  optical 
phantom  that  is  suitable  for  simulating  the  optical  prop- 
erties  of  biological  material  and  to  a  method  of  produc-  s 
ing  said  phantom. 
[0002]  Materials  are  known  from  practice,  whose  light 
scattering  and  light  absorption  levels  are  known.  When 
said  materials  are  used  for  the  simulation  of  the  optical 
properties  of  biological  material,  they  are  also  called  10 
optical  phantoms.  To  obtain  light  scattering  in  optical 
phantoms  discreet  particles  are  mixed  with  a  transpar- 
ent  material,  also  called  matrix,  whose  refractive  index 
differs  from  the  refractive  index  of  the  particles.  Light 
absorption  is  realized  by  the  addition  of  a  dye.  is 
[0003]  The  optical  phantoms  described  in  the  litera- 
ture  up  to  date  can  generally  be  divided  into  the  follow- 
ing  categories: 

a  mixture  of  a  polymeric  matrix  and  glass  spheres  20 
or  ceramic  particles; 
a  mixture  of  a  matrix  based  on  water  and  small  fat 
globules  (for  example  Intralipid®)  or  polymer 
spheres  such  as  polystyrene.  If  desired,  the  parti- 
cles  may  be  fixed  by  adding  gelatine.  25 

[0004]  There  are,  however,  some  disadvantages 
attached  to  the  known  optical  phantoms  of  this  type. 
[0005]  With  the  mixture  of  a  polymeric  matrix  and 
glass  spheres  or  ceramic  particles,  the  attainable  level  30 
of  light  scattering  is  limited  because  the  refractive  index 
of  the  glass  differs  little  from  that  of  the  matrix,  so  that  it 
is  not  possible  to  quantitatively  represent,  for  example, 
human  tissue.  The  arbitrary  shape  of  the  ceramic  parti- 
cles  renders  an  accurate  description  of  the  scattering  35 
properties  impossible.  The  addition  of  polymer  spheres, 
for  example  polystyrene,  to  a  polymeric  matrix  is  prob- 
lematic  because  dry  polymer  spheres  are  difficult  to 
work  with. 
[0006]  The  phantoms  comprising  a  mixture  of  a  matrix  40 
on  water  basis  and  small  fat  globules  or  polymer 
spheres  such  as  polystyrene,  have  a  limited  shelf  life 
due  to  dehydration  and  fungal  growth. 
[0007]  Moreover,  with  all  the  known  phantoms  it  is 
very  difficult  or  impossible  to  make  layered  structures  45 
that  have  a  high  vertical  resolution.  To  simulate  the 
stratification  of  skin  tissue,  a  resolution  of  approximately 
20  -  50  urn  is  required. 
[0008]  It  is  the  objective  of  the  present  invention  to 
remove  these  disadvantages.  According  to  the  present  so 
invention  this  objective  is  attained  in  that  the  optical  tis- 
sue  phantom  is  comprised  of  a  matrix  of  polyvinyl  alco- 
hol)  (PVA)  and  substantially  spherical  particles  whose 
refractive  index  differs  from  that  of  the  PVA. 
[0009]  An  important  aspect  of  the  phantom  according  55 
to  the  present  invention  is  that  with  this  phantom  a 
greater  light  scattering  is  possible  than  with  the  phan- 
toms  of  the  prior  art  which  comprise  a  polymeric  matrix, 

with  the  result  that  biological  tissue  can  be  quantitatively 
simulated.  The  shelf  life  is  at  least  equal  to  that  of  the 
prior  art  phantoms  on  polymer  basis.  A  further  advan- 
tage  is  that  it  is  simple  to  add  polymer  spheres,  facilitat- 
ing  the  quantitative  description  of  the  scattering 
properties  and  allowing  stratified  structures  to  be  made, 
having  a  vertical  resolution  of  approximately  20  urn. 
[001  0]  In  accordance  with  a  further  characteristic  of 
the  present  invention,  the  PVA  has  a  level  of  hydrolysis 
of  75-100%,  preferably  >98%.  A  wealth  of  literature 
about  PVA  indicates  that  PVA  becomes  less  hydrophilic 
as  the  level  of  hydrolysis  increases.  Thus  PVA  with  a 
higher  level  of  hydrolysis  absorbs  less  ambient  mois- 
ture.  As  water  absorption  lowers  the  refractive  index  of 
the  matrix,  this  is  an  important  aspect  for  an  optical  tis- 
sue  phantom.  PVA  with  a  high  level  of  hydrolysis  is  pre- 
ferred.  In  addition,  when  a  PVA  film  is  being 
manufactured  it  can  be  removed  from  the  glass  plate 
onto  which  it  is  cast  more  easily  if  the  PVA  has  a  higher 
level  of  hydrolysis. 
[001  1  ]  In  accordance  with  another  characteristic  of  the 
present  invention  the  diameters  of  the  particles  range 
from  0.45-1  .5  urn,  preferably  from  0.9-1  .2  urn. 
[001  2]  In  accordance  with  another  favourable  charac- 
teristic  of  the  present  invention  the  particles  are  hollow 
particles.  When  hollow  particles  are  used,  it  is  possible 
to  attain  a  high  level  of  light  scattering. 
[001  3]  In  accordance  with  another  characteristic  of  the 
present  invention  the  hollow  particles  are  filled  with  gas. 
By  this  means  a  high  level  of  light  scattering  is  attained. 
[0014]  In  accordance  with  a  further  characteristic  of 
the  present  invention  the  particles  are  polystyrene  parti- 
cles.  Basically  any  small  particles  that  can  be  sus- 
pended  in  water  are  eligible  for  use  as  particles  with  a 
different  refractive  index  than  that  of  PVA.  These  may 
include,  for  example,  ceramic  particles,  glass  spheres, 
polymethylene  melamine,  PMMA,  polycarbonate,  etc. 
Polystyrene  is  preferred,  as  polystyrene  spheres  of  spe- 
cific  dimensions,  which  vary  very  little,  are  commercially 
available.  This  finally  results  in  a  homogenous  film. 
Moreover,  polystyrene  is  preferred  to  glass  because 
polystyrene  has  a  lower  density  than  glass,  which 
ensures  that  the  film  is  more  homogenous. 
[001  5]  In  accordance  with  a  further  characteristic  of 
the  present  invention  the  optical  tissue  phantom  also 
comprises  a  colourless  solid.  If,  apart  from  the  light-dif- 
fusing  particles,  another  solid  is  added,  the  phantom 
becomes  useful  for  the  development  and  calibration  of 
optical  equipment  by  means  of  which  the  concentration 
of  that  same  substance  in,  for  example,  tissue  is  meas- 
ured. 
[001  6]  In  accordance  with  a  further  characteristic  of 
the  present  invention  the  colourless  solid  is  glucose. 
The  use  of  glucose  helps  with  the  examination  and  cal- 
ibration  of  optical  techniques  and  medical  equipment  in 
which  such  techniques  are  applied  when  determining 
the  glucose  level  of  diabetics. 
[001  7]  In  accordance  with  another  characteristic  of  the 
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present  invention  the  optical  tissue  phantom  also  com- 
prises  at  least  one  light-absorbing  substance.  This 
allows  the  simulation  of  light  absorption.  Basically  any 
water  soluble  dyes  may  be  admixed.  It  is  also  possible 
to  use  a  mixture  of  several  light-absorbing  substances. 
The  absorption  spectrum  is  a  linear  combination  of  the 
absorption  spectra  of  the  separate  dyes.  The  narrower 
the  absorption  peaks  of  the  separate  dyes,  the  greater 
the  freedom  in  choosing  an  absorption  ratio  in  the  mix- 
ture  applying  for  specific  wavelengths.  For  skin  tissue 
the  absorption  ratio  between  780  nm,  630  nm  and  540 
nm  is  approximately  1:2:3.  Thus  this  can  be  simulated 
by  making  a  suitable  mixture  of  three  dyes. 
[001  8]  In  accordance  with  another  characteristic  of  the 
present  invention  the  light  absorbing  substance  is 
Talens  Ecoline®  paint.  The  advantage  of  Talens  Eco- 
line®  paint  is  that  it  does  not  comprise  any  solid  pig- 
ment;  in  other  words,  Talens  Ecoline®  paint  only 
absorbs  without  diffusing.  This  is  not  the  case  with 
Indian  ink,  which  is  slightly  light-diffusing. 
[001  9]  The  present  invention  also  relates  to  a  method 
of  producing  an  optical  tissue  phantom,  characterized  in 
that  PVA  is  dissolved  in  an  aqueous  solvent,  whereafter 
substantially  spherical  particles  having  a  refractive 
index  different  to  that  of  PVA  are  added  to  the  solution, 
the  thus  obtained  mixture  is  cast  onto  a  substantially  flat 
surface  and  the  solvent  is  evaporated. 
[0020]  According  to  the  invention,  PVA  is  conveniently 
dissolved  at  a  temperature  of  20°C-100°C,  preferably  at 
95°C-100°C.  The  temperature  above  which  PVA  dis- 
solves  in  water  depends  on  the  level  of  hydrolysis.  The 
preferred  PVA,  i.e.  one  having  a  high  level  of  hydrolysis, 
dissolves  at  a  temperature  of  95°C  or  higher. 
[0021]  According  to  another  characteristic  of  the 
present  invention,  PVA  having  a  level  of  hydrolysis  of 
75-100%,  preferably  >98%,  is  dissolved. 
[0022]  According  to  another  characteristic  of  the 
present  invention,  the  concentration  of  PVA  added  to 
the  solvent  is  1  -1  5%  by  weight  and  preferably  8-12%  by 
weight.  This  provides  a  workable  solution. 
[0023]  According  to  another  characteristic  of  the 
present  invention  the  solvent  for  PVA  is  water.  Other 
possible  solvents  for  PVA  include,  for  example,  DMSO, 
acetamide,  glycols,  DMF,  glycerol,  piperazine,  Methyl- 
ene  diamine,  formamide  and  HMTP  Solution  in  water  is 
preferred,  as  this  facilitates  admixing  aqueous  suspen- 
sions  of  the  light-diffusing  particles. 
[0024]  According  to  another  characteristic  of  the 
present  invention  the  diameter  of  the  particles  ranges 
from  0.45-1  .5  nm  and  preferably  from  0.9-1  .2  nm. 
[0025]  According  to  another  characteristic  of  the 
present  invention  the  particles  are  hollow  particles. 
[0026]  According  to  another  characteristic  of  the 
present  invention  the  hollow  particles  are  filled  with  gas. 
[0027]  According  to  another  characteristic  of  the 
present  invention  the  gas  is  air. 
[0028]  According  to  another  characteristic  of  the 
present  invention  the  particles  are  polystyrene  particles. 

[0029]  According  to  another  characteristic  of  the 
present  invention  a  colourless  solid  is  also  added  prior 
to  casting  the  mixture. 
[0030]  According  to  another  characteristic  of  the 

5  present  invention  said  colourless  solid  is  glucose. 
[0031]  According  to  another  characteristic  of  the 
present  invention  at  least  one  light-absorbing  substance 
is  also  added  to  the  mixture  prior  to  casting. 
[0032]  According  to  another  characteristic  of  the 

10  present  invention  said  light-absorbing  substance  is 
Talens  Ecoline®  paint. 
[0033]  The  present  invention  will  now  be  explained  in 
more  detail  with  reference  to  a  few  exemplary  embodi- 
ments. 

15 
Example  I 

Optical  tissue  phantom  of  PVA  having  a  level  of 
hydrolysis  of  99+%  comprising  hollow  polystyrene 

20  (PS)  spheres  having  a  diameter  of  1  nm  and  a  shell 
thickness  of  0.1  nm. 

[0034]  A  1  -litre  flask,  in  a  water  bath  with  heating 
plate/magnetic  agitator,  provided  with  a  agitation  mag- 

25  net  was  filled  with  1  000  ml  demineralized  water.  While 
stirring,  110  g.  dry  PVA  (level  of  hydrolysis:  99+%, 
molecular  weight:  85,000-146,000,  available  from 
Aldrich)  was  added.  The  flask  was  then  sealed  with  foil. 
The  flask  was  heated  in  the  water  bath  to  95°C.  The 

30  flask  was  left  to  stand  for  30  minutes  at  95°C  until  the 
PVA  was  dissolved  and  the  solution  had  become  clear. 
Then  stirring  commenced  lasting  approximately  15  min- 
utes  until  most  of  the  air  bubbles  had  escaped  from  the 
solution.  After  cooling  to  approximately  45°C,  the  solu- 

35  tion  was  transferred  to  50-ml  centrifugal  tubes.  The 
solution  was  centrifuged  for  30  minutes  at  35°C  at  2,500 
x  g.  The  result  is  a  clear  PVA  solution:  the  bubbles  have 
escaped  via  the  surface  of  the  solution  or  have  accumu- 
lated  at  the  top  in  the  solution  and  can  be  simply 

40  skimmed  off.  The  tubes  containing  the  PVA  solution 
were  stored  in  the  refrigerator.  Prior  to  production  of  the 
film,  the  solution  was  reheated  in  a  water  bath  until  it 
was  liquified  again.  The  solution  was  then  cooled  to 
room  temperature.  In  a  laminar  flow  cabinet  with  hori- 

45  zontal  efflux  of  dust-free  air  a  12  mm-thick  glass  plate 
(window  glass)  was  placed  onto  an  aluminium  plate 
resting  by  means  of  four  exact  adjusting  grooves  on  the 
base  of  the  laminar  flow  cabinet.  The  glass  plate  was 
scrupulously  cleaned  with  ethanol  and  subsequently 

so  with  acetone.  Using  a  pipet,  a  5%  suspension  of  PS 
spheres  was  added  to  the  PVA  solution.  The  mixture  of 
PVA  solution  and  PS  speres  was  centrifuged  for  10  min- 
utes  at  room  temperature  at  2,500  x  g.  Any  air  bubbles 
floating  on  the  mixture  were  optionally  skimmed  off  and 

55  the  mixture  was  carefully  cast  onto  the  glass  plate.  With 
the  aid  of  a  spreader  which  was  driven  at  a  constant 
speed  (9  mm/s),  the  mixture  was  spread  to  form  a  thin 
even  layer.  After  casting,  the  glass  plate  remained  in  the 

3 
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laminar  flow  cabinet,  until  the  film  was  dust-dry.  Subse- 
quently  the  film  was  allowed  to  continue  drying  in  a 
nitrogen-ventilated  cabinet.  The  film  was  then  readily 
removed  from  the  plate.  The  thickness  of  the  film  was 
50  nm.  5 

Example  II 

Optical  tissue  phantom  of  PVA  having  a  level  of 
hydrolysis  of  99+%  comprising  solid  PS  spheres  10 
having  a  diameter  of  1.16  yim. 

[0035]  The  method  of  Example  I  was  repeated  but  the 
suspension  of  PS  spheres  was  a  2.5%  suspension  and 
the  solid  weight  fraction  was  0.025  g.  per  ml  suspen-  15 
sion.  The  film  had  a  slightly  blue  tint  and,  compared  with 
Example  I,  it  was  much  more  transparent. 

Example  III 
20 

Optical  tissue  phantom  of  PVA  having  a  level  of 
hydrolysis  of  99+%  comprising  hollow  PS  spheres 
having  a  diameter  of  1  nm  and  a  shell  thickness  of 
0.1  \an  and  a  dye  concentrate. 

25 
[0036]  The  dye  concentrate  was  metered  out  as  fol- 
lows:  0.818  mg  IRA  WS1  per  1  g.  of  demineralized 
water,  22,2  mg  dark-green  Talens  Ecoline®  paint  per  1 
g.  of  water  and  40.2  mg  carmine  Talens  Ecoline®  paint 
per  1  g.  of  water.  IRA  WS1  (available  from  Zenica  Spe-  30 
cialties,  Manchester,  Great  Britain)  exhibits  an  absorp- 
tion  peak  at  780  nm  and  is  supplied  as  a  dark-green 
powder,  which  dissolves  very  well  in  water.  The  method 
of  Example  1  was  followed,  and  the  dye  concentrate 
was  added  simultaneously  with  the  PS  suspension.  The  35 
film  obtained  had  a  slightly  purple  tint.  The  absorption 
the  film  exhibited  for  544  nm,  633  nm  and  780  nm  is 
comparable  with  that  of  skin  tissue. 

Example  IV  40 

PVA.  Therefore  99+%  is  preferred. 

Example  V 

Optical  tissue  phantom  of  PVA  having  a  level  of 
hydrolysis  of  99%,  comprising  glucose  in  a  quantity 
occurring  in  the  human  body,  and  hollow  PS 
spheres  having  a  diameter  of  1  nm  and  a  shell  thick- 
ness  of  0.1  \itn. 

[0038]  The  method  of  Example  I  was  followed.  The 
DW-glucose  (M=180.16  g/mol,  available  from  Merck) 
was  added  immediately  after  the  PS  suspension.  1  g.  of 
a  glucose  solution  of  0.203  g.  in  10  g.  demineralized 
water  was  added.  The  ultimate  glucose  concentration 
was  450  mg/dl  of  phantom.  This  is  the  maximum  con- 
centration  occurring  in  diabetes  patients.  The  phantom 
exhibited  no  difference  in  quality  or  appearance  in  com- 
parison  with  that  of  Example  I. 

Example  VI 

Optical  tissue  phantom  produced  nine  months  ear- 
lier  in  accordance  with  Example  III 

[0039]  The  quality  of  the  film  has  not  deteriorated, 
which  proves  that  the  phantom  has  a  long  shelf  life. 

Claims 

1  .  An  optical  tissue  phantom  that  is  suitable  for  simu- 
lating  the  optical  properties  of  biological  material, 
characterized  in  that  the  optical  tissue  phantom  is 
comprised  of  a  matrix  of  polyvinyl  alcohol)  (PVA) 
and  substantially  spherical  particles  whose  refrac- 
tive  index  differs  from  that  of  the  PVA. 

2.  An  optical  tissue  phantom  according  to  claim  1, 
characterized  in  that  the  PVA  has  a  level  of  hydrol- 
ysis  of  75-100%. 

Optical  tissue  phantom  of  PVA  having  a  level  of 
hydrolysis  of  88%  (Aldrich  Mowiol®  4088)  compris- 
ing  hollow  PS  spheres  having  a  diameter  of  1  nm 
and  a  shell  thickness  of  0.1  nm.  45 

[0037]  The  film  did  not  very  readily  come  off  the  glass 
plate.  The  following  method  was  therefore  applied: 

3.  An  optical  tissue  phantom  according  to  claim  1, 
characterized  in  that  the  PVA  has  a  level  of  hydrol- 
ysis  of  >98%. 

4.  An  optical  tissue  phantom  according  to  one  of  the 
preceding  claims,  characterized  in  that  the  diame- 
ter  of  the  particles  ranges  from  0.45-1  .5  ym. 

drying  for  8  hours  by  blowing  air  over  it;  so 
swelling  for  5  hours  in  humid  atmosphere:  a  sealed 
box  containing  several  water  vessels; 
drying  for  5  hours  by  blowing  nitrogen  over  it; 
the  film  is  cut  loose  at  the  edge  with  the  aid  of  a 
scalpel  and  pulled  off  the  plate.  The  optical  appear-  55 
ance  of  the  film  is  the  same  as  in  Example  I.  How- 
ever,  humidity  influences  both  the  optical  and  the 
mechanical  properties  much  more  than  with  99+% 

5.  An  optical  tissue  phantom  according  to  one  of  the 
preceding  claims,  characterized  in  that  the  parti- 
cles  are  hollow  particles. 

6.  An  optical  tissue  phantom  according  to  claim  5, 
characterized  in  that  the  hollow  particles  are  filled 
with  gas. 

7.  An  optical  tissue  phantom  according  to  claim  6, 
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characterized  in  that  the  gas  is  air. 

8.  An  optical  tissue  phantom  according  to  one  of  the 
preceding  claims,  characterized  in  that  the  parti- 
cles  are  polystyrene  particles.  s 

9.  An  optical  tissue  phantom  according  to  one  of  the 
preceding  claims,  characterized  in  that  the  optical 
tissue  phantom  also  comprises  a  colourless  solid. 

10 
10.  An  optical  tissue  phantom  according  to  claim  9, 

characterized  in  that  the  colourless  solid  is  glu- 
cose. 

1  1  .  An  optical  tissue  phantom  according  to  one  of  the  15 
preceding  claims,  characterized  in  that  the  optical 
tissue  phantom  also  comprises  at  least  one  light- 
absorbing  substance. 

12.  An  optical  tissue  phantom  according  to  claim  11,  20 
characterized  in  that  the  light-absorbing  substance 
is  Talens  Ecoline®  paint. 
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